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© Infra-red data transmission system. 

© An infra-red transmission system in which messages in 
the form of pulse coded data signals are transmined between 
transmining-receiving units (6) each being provided with at 
least one or a plurality of infra-red light emitting elements and 
one or a plurality of infra-red light sensitive photo-element in 
a house having such a formed, common outlet and inlet open- 
ing for the infra-red light that a directed transmitting and 
receiving beam is obtained. The message transmission is 
used for the control of carrier movements destined for the 
transport of goods along movements paths in an area, a 
plurality of transmitting-receiving units (6) being mourned on 
fbced locations along the movement paths and one 
transmitting-receiving unit (6) being mounted on each carrier 
(12) all having such an alignment of the transmitting-receiving 
beams that when a carrier passes said locations the relevant 
transmining-receiving beams sweep across each other dur- 
ing which the message transmission talces place. In each car- 
rier (12) which is freely controllable in direction and speed a 
data input- and display unit connected to the associated 
transmitting-receiving unit, is mounted in aid of the driver. 
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- Infra-red data transmission system, - 



The invention relates to an infra-red transmission system, 
i in which messages in the form of pulse coded data signals are 

i transmitted between transmitting-receiving units, each being pro- 

; ' vided with at least one infra-red light emitting element and an 

' 5 infra-red light . sensitive photo-element, the messages transmis- 

sion being applied for the control of movements of carriers to 
'! be used for the transport of goods, along movements paths in an 

\ area, for which purpose such a transmitting-receiving unit is 

I installed in each carrier and at least one of such a trauismit- 

'\ 10 ting-receiving unit is installed in said area* Such an infra-red 

■j transmission system is known from the US patent application 

;! Serial Ho. 969*798 of December 15, 1978. 

'} The infra-red transmission system described in above 

\ mentioned patent application, is used for the transport of goods 

V 15 in a warehouse, in which a transport carrier moveable between 

* the storage scaffolds is provided with a platform which can be 
adjusted in height along a mast structure. A carriage may be 
i moved from this platform via fized rails mounted at severaJ. 

heights between the storage scaffolds in order to fetch goods 
20 or deposit the same. An infra-red transmitting-receiving unit 

is moiinted on said carriage and another is mounted on said plat- 
form, which units are aligned straight opposite each other in 
accordance with a fixed optical path. The described system can 
only be used in a warehouse, which in all corridors between the 
25 storage scaffolds is provided with a complicated rail scaffold 
structure, across which the carriages have to be moved according 
to fixed paths. The invention has in view to obviate this pro- 
blem and to furnish an infra-red transmission system applicable 
in open space, in which freely controllable carriers are driven 
30 by drivers along movement paths in order to displace goods, such 
as for example containers. 

This is realized with an infra-red transmission system 
of the type indicated in the preamble according to the invention 
such, that each transmitting-receiving unit including the infra- 
35 red light emitting element (s) and the infra-red light sensitive 
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plxoto-element(s) is taien up in a house having 3uch a formed 
conunon outlet- and inlet opening, for the infra-red light, that 
a directed transmitting- and receiving beam is obtained, that a 
plurality of transmitting-reoeiving units is" installed on fixed 
5 locations along the movement paths and one transmitting-receiving 
unit is installed on each carrier with such an alignment of the 
transmitting-receiving beams, that when a carrier passes said 
locations the relevant transmitting-receiving Taesm sweep across 
each other during which the message transmission takes place, 
10 a data input and display unit, connected to the associated trans- 
mitting-receiviig unit, being installed in each carrier in aid 
of the driver, which carrier is freely controllable in direction 
and speed. With this system according to the invention also the 
advantage is obtained that the infra-red based message signals 
15 are able to penetrate through dense mist and snow without appre- 
ciable loss of power. 

A further advantageous embodiment of the invention is 
characterized in that the plurality of fixed transmitting-recei- 
ving units is installed in the road surface of the movement 
20 paths, the associated transmitting-receiving beams being direc- 
ted upwards, and that each carrier is provided with a horizontal 
supporting arm to which said one traiismitting-receiving unit is 
fastened, the associated transmitting-receiving beam being diree- 
ted downwards. 

25 A further advantageous embodiment of the invention is 

characterized in that the transmission speed of the message 
signals, the radius of the transmitting-receiving beam of the 
transmitting-receiving units and the speed of the carriers are 
matched such to each other, that a complete message exchange be- 

50 tween the transmitting-receiving unit of the carrier and the one 
in the road surface is guaranteed during a usual displacement of 
the carrier. Because use is made of the feature of light emitting 
elements, that they can be switched in and out extremely fast and 
that the light sensitive photo-elements also are able to follow 

55 this fast switching in the same rate, data can be transmitted in 
a very fast and also reliable manner by coding said data in a 
certain way. The high reliability hereby is realized by means of 
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redoindancy and control such that each character comprising a 
plurality of bits is followed hy the same plurality of hits in 
complementary form, and that each message comprising a plurality 
of characters is closed by a parity control character. 

The said transmission speed may amount to 100.000 bit/sec • 
The radius of the tranamitting-receiving beam of each transmit- 
ting-receiving unit may amount to three to five meter. Instruc- 
tions for the movement of carriers, the reception or delivery of 
goods, such as containers, are carried out with the aid of above 
mentioned system in a throughput or storage area. The drivers 
on said carriers may read the instructions, may execute and sub- 
sequently may indicate by means of a keyboard on the input and 
display iinit that one and another has been carried out. 

Not only a wireless and interference free transmission 
of message signals is obtained in this manner, in which a mes- 
sage is transmitted very fast, for example 20 milli-second per 
instruction, but also a more effective use of the carriers is 
possible by immediate serial instructions ajid a visual control on 
the delivery areas. 

The present invention will now be elucidated further on 
the basis of an embodiment with reference to the annexed drawings, 
in which: 

Figure 1 shows a basic sketch of an embodiment of such 
a system used for the control of movements of 
goods; 

Pigures 2a and 2b respectively give an example of the 
coding of a character in an infra-red message 
and of the applied timing gates used at the 
reception of an infra-red message in the re- 
ceiver; 

Figure 3 shows a diagram of the transmitter in a trana- 
mitting-receiving unit; 

Figure 4 shows a diagram of the receiver in a transmit- 
ting-receiving unit; and 

Figure 5 shows a diagram of the control circuit in a 
transmitting-receiving unit. 

An outline of the system with the applied equipment and 
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the connections of the system axe indicated in figure 1. An in- 
pnt and display unit 1 is connected to the central control unit 
or computer 2, in which input and display unit the starting data 
may he inputted. The central con^juter 2 is connected to the mini- 
computer 3 of the infra-red transmission system via a modem con- 
nection 10. A first micro- or field computer 4 is connected to 
this minicomputer, which field computer 4 is connected to a plu- 
rality of transmitting-receiving units. or so called pots posi- 
tioned in the ground. A plurality of display units 8 having an 
input unit 9 is also connected to the minicomputer 3 for the 
sake of the trafic controller. The minicomputer 3 is also connec- 
ted to a second micro or field computer 14 via another modem, con- 
nection 15, which field computer 14 is connected to an input and 

display unit 1 . 

Por the transmission of the pulse coded infra-red messages 
use is. made of the pulse code from the ASCII-schedule. As an 
exajuple one could take the character E, which in accordance with • 

this schedule equals hinary 45 or 0100 0101. 

4 5 

Per the transmission in the infra-red message on the first place 
of these eight characters always a one will be used, while after 
these eight characters the complementary pattern of it will 
follow. 

So the B becomes : 01000101 
adding the 1 to it : 11000101 
finally 1100010100111010 

So each chaxacter is presented by a string of 16 possible 
binary marks, in which always a one will be at the head and in 
which the second portion (second eight marks) presents the in- 
verse of the first portion. The infra-red transmitter operates 
with a precision crystal clock of 1 MHz, from which a signal of 
100.000 Herz is derived. That means that each 10 /usec a binary 
1 or 0 is transmitted. The letter E in the infra-red message is 

displayed in figure 2a. 

It is a characterizing feature that at any moment there 
are always eight infra-red pulses. If for one reason or 
another a pulse drops out, as the beam is interrupted for a mo- 
ment or a pulse is introduced by lightning or for another 
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reason, then the system will reject the string. It is possible 
but not probable that one pulse drops out while another pulse 
is introduced in the corresponding place in the other eight 
marks. In this case this string would be accepted. Then, however, 
5 a second protection is still relevant. 

Por each message consists of 39 characters of data fol- 
lowed by a control character or check digit. Each real communi- 
cation therefor is realized by transmitting a string of 40 
characters. 

10 This is illustrated on the basis of a somewhat shorter 

string of 5 characters, for example A.E.P.J-I* In the ASCII- 
schedule this is : 41, 45 > 46 j 33 > 31 • 

Binary this will become: 41 0100 0001 

45 0100 0101 

15 46 0100 0110 

33 0011 0011 

. 31 0011 0001 



Parity 0100 0000 

20 An even number of ones will occur in all colums, and 

also the last character will be transmitted. 

The receiver builds up the parity duxing the reception 
of the string of 39 characters and compares its result with the 
last (fortieth) character. The information is approved only when 
25 all characters per se are correct and the control character 

matches. The change for a mistake therefore in fact is equal to 
zero . 

The price which is paid for this safeguard in the system 
is a very slight degree of the speed otherwise obtained. How 

30 sixteen pulses in stead of seven pulses per character and also 

an additional control character following the first 39 characters 
are transmitted per message. 

The receiver is started by the first pulse which enters. 
A possible following pulse is admitted in a timing gate lasting 

35 from 8 to 13 ^usec, the following pulse being admitted in a ti- 
ning gate lasting from 18 to 23 ^usec, etc., such that spurious 
pulses or transients outside these gates will not be admitted 
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in the system. 

One and another is indicated in figure 21). 
The time dxiration for the transmission of one character 
: .] is 16 X 10 yusec = 160 yusec- A rest period of 100 yusec is 

! 5 used for allowing the receiver to start anew, to judge the recei- 

ved character and to process it. Then the next character follows. 
.1 Therefor a period of (160 + lOO) ^usec = 260 ^usec per character 

'y is required. 

The whole communication duration for a sequence of 40 
■i 10 characters therefore equals 40 x 260 ^usec = 10. 400 ^usec = 

10,4 msec. The receiver looks for the answer- after receipt of the 
;:i string. This search takes an average of 4 msec,, but in the maxi- 

mum case may amount to 14 msec. Subsequently an answer is re- 
transmitted consisting, anew of 40 characters. 
:^ -J 5 lEUe total, communication duration therefor amounts to a 

r". maximum of 35 msec or about sec. The vehicle or straddle 

carrier having: a speed of 36 km/hour covers a distance of 

^6,000 ^ _1_ _ J J centimeter during I/30 second. A sufficient 

J. 5oOO 30 

guarantee is obtained for a ooinplete message exchange between the 

- . • 20 transmitting-receiving unit of the carrier- and the imit in the 

groomd dnring the movement of said carrier because the active 

. "beam radius of a transmitting-receiving unit equals three to 

five meter. 

The incoming or reception information and the delivery or 
25 gate information in the system, indicated in figure 1 , is relayed 
to the central computer. The reception information serves to de- 
posit the goods or containers from the incoming ship, train or 
vehicle in a certain "buffer or storage area. The delivery or 
gate information serves to control the delivery of the ready 
50 goods to the vehicle, train or ship. 

The minicomputer 3 connected to the central computer 2, 
controls the whole data trafic, for which it comprises the 
whole data storage. The first field computer 4 has to provide for 
the infra-red communication between the ground positioned trans- 
35 mitting-receiving units 6 or pots and a carrier based transmit- 
ting-receiving unit 6. The second field computer 14 provides for 
the correct delivery of the goods to the transport means at the 
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gate of the transport area, such as vehicles -or trains. 

Next a possible procedure for the transport of the goods 
will he explained in a simple manner. With the aid of a report in 
the reception space A which report is inputted via the input unit 
5 1 to the central computer 2, it is indicated to the system which 
good or container has to he fetched. This infoirmation is transmit- 
ted right away hy the central computer to the minicomputer 3' and. 
subsequently is displayed on one of the video screens 8 associated 
with this minicomputer 3» With the aid of a keyboard 9 coupled to 

10 these screens the trafic controller gives his instructions. In 
this field phase it holds that the present location (for a con- 
tainer for example which has just arrived) and the future loca- 
tion (intermediate or final storage) should be known. As soon 
as this information has been inputted by the trafic controller, 

15 this container having a certain 3eq.uence number will be relayed 
by the minicomputer 3 to the first field computer 4^ This trans- 
mission between the minicomputer 3 and the field computer 4 oc- 
curs for example with the aid of a parallel connection 11 having 
a speed of 30 yusec per bit, such that the transmission of 

20 64 bytes only takes about 2 msec. This duration deliberately is 

such that 

hold as short as that^other connections will not experience any 
delay or interruption. 

The first field computer 4 relays the message to a buffer 
belonging to a ground pot* Prom here this message subseqtuently 

25 is transmitted via the infra-red transmission system to the 
carrier as said carrier passes over a transmitting-receiving 
unit 6 or pot. The field computer 4 then also receives back the 
data from the finished last instructions which was inputted by 
the driver of the carrier or vehicle to his input and display 

30 unit 1. This data then is transmitted from the field computer 4 
to the minicomputer 3* - 

A straddle carrier 12 is indicated in the right part of 
figure 1 , which carrier has a transmitting-receiving unit 6 moxm- 
ted onto a horizontal arm I5. The transmitting-receiving beam of 

35 said \init 6 is directed downwards and thereby may sweep across 
the upwards directed transmitting-receiving beam of a surface 
road based transmitting-receiving unit 6 as said carrier passes 
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said tu3±t« 

The whole procedure is followed on the video screen of 
the minicomputer on the hasis of the status which is continuously, 
updated. After the container has been transported by the straddle 
carrier from the teminal check in point to the intermediate 
storage,, the driver will feed in the number of the location of 
the intermediate storage, whereupon this data will be relayed 
to the mini computer as the carrier passes a ground pot. The 
driver at that moment may also receive a new instruction via his 
display unit. The trafic controller fills in the new location on 
a card, after which the relevant container sequence number will 
be read into the memoryr and will disappear from the screen. 

The next report to the central computer 2 occurs during 
the passage of the collector through the gate B, for example a 
vehicle or train. The sleeping container now arrives with a new 
status on the screen of the input and display unit of the second 
field oomputeir 14 at the- gate. When the collector reports at 
this gate, the seouence number of the container will be inputted, 
which data is relayed, to the minicomputer 3 via the. modem con- 
nection 15. The status of the container is increased on one of 
the screens of the minicomputer, and the mext free carrier ob- 
tains its instructions for transporting this container from the 
•intermediate storage to the storage area or block near the gate. 
The- status, is increased after the instruction has been taken 
by the driver, and the status of the relevant container is again- 
increased when the instructions are carried but and a possible 
succeeding instruction is accepted. Finally the trafic controller 
feeds in the container sequence number having a pre-fix together 
with a block number when the container is delivered to the col- 
lector. The final status is given when this information fits in 
and the container may be delivered. 

The priority of the container is respected during this 
whole procedure and a container having a higher priority may 
obtain precedence above a container having a lower priority 
even if the former has been reported later. 

All transmitting-receiving units 6 or pots in the ground 
will first be started when there are instructions which have to 
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be txajismitted to the caxriers. These units then will await the 
data from the first field computer 4 or from the passing vehic- 
les. A general interupt will he generated for the first field 
computer 4 when for example a first infra-red puis from a car- 
5 rier is relayed to a certain transmitting-receiving unit 6 in the 
ground. Said field computer 4 sow searches with the aid of a scan- 
ning routine from which transmitting-receiving unit 6 the inter- 
ruption came and subsequently the data will he processed. Said 
associated ground pot furthermore will he used for receiving more 

10 data and also for retransmitting an answer. 

It is possible to deal with a large number of carriers 
simultaneously without loss or any information because all trans- 
mitting-receiving units 6 dispose of their respective own memory 
capacity. The memory capacity does not need to be large in view 

15 of the short communication duration of about 

100 X 260 ^usec = 26 msec, The maximum waiting time for the last 
carrier amounts to about 0,3 seconds even in the case when ten 
caxriers simultaneously would pass ten different transmitting- 
receiving xmits 6 in the ground. In this time period a carrier 

20 will drive for one and a half meter at a speed of 18 km/hour,, 
while the diameter of the beam amounts to 5 meter. 

Uext the transmitter and receiver of each transmitting- 
receiving unit 6 will be explained on the basis of figures 5 and 
4. 

25 The transmitter indicated in figure 3 is connected via 

a special transformer 20 to a line, which is coupled to the field 
computer 4 or to the associated input and display unit of the 
driver of the vehicle. The length of the line has been tested up 
to 800 meter, the received signal amply meeting the requirements. 

30 A pulse start circuit 21 is taken up behind the input transfor- 
mer, which circuit controlls a succeeding one-shot circuit 22 
of 2 ^usec. This pulse of 2 yusec is amplified with the aid of 
some succeeding transistor stages, whereupon the amplified 
pulse signal is applied to four branches 23 each consisting of 

35 five transmitting diodes 24, A current of 2 Amp. flows in each 
branch. The peak power in total hereby amounts to about 80 Watt. 
This means a radiated infra-red power of 5?^ watt at a yield of 
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about 7%. 

The receiver indicated in figure 4 lias at its input a 
parallel circuit of four photo sensitive diodes 30 having a 
self inductance which is aperiodically damped. The signal sub- 
sequently is amplified "by two limiting amplifiers 31, is formed 
in a trigger circuit 32 and is relayed via a transformer 33 over 
the line. 

Apart from the transmitter and receiver mounted on one 
card, also a control circuit mounted on another card is inclu- 
ded in each transmitting-receiving unit* 

This control, circuit indicated in figure 5 provides for 
the generation and detection of the said infra-red pulse pat- 
terns.. Said card, is provided with seven address switches as 
each card is destined ta he used for a large number of trans- 
mitting-receiving units which each have to m ai n tain their own 
identity. The pot. address ia set with the aid of said address 
sx/itches in accordance with. the normal binary code. 

The address -code may be switched out with the aid of an 
additional. s\d.tch such that the transmitting-receiving unit may 
also operate in systems without address selection. 

When a character has to be transmitted, it will be re- 
layed from the microprocessor in a 8-bit format via the parallel 
interface. The 1 6-bit pattern discussed* in the preceding is 
generated with the aid of a S-bit shift register 4014 having an 
inverted feedback loop.- The synchronisation is provided for by 
several logic circuits such as indicated in figxire 5. When an 16- 
bit pattern is. presented via the receiver, it will be applied 
after synchronisation of the circuits in two 8-bit shift regis- 
ters 4094. These two shift registers are mutually coupled via an 
inverter. The received character already will then be in the. 
second shift register. The two four-bit comparators 4063 check 
the received bit sequence on transmission errors. The received 
characters will be presented via the 8-bit parallel interface 
to the microprocessor when there are no exxoxs found. The es- 
sential control signals will be made visible via the signalling 
unit 4050 in order to be able to check the correct operation of 
the control electronics. 
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It is obvious that many modifications and additions may- 
be realized in the above mentioned system without leaving the 
frame work of the invention. 

The infra-red message exchange in the described system 
is based on a essentially vertical directed connection between 
two transmitting-receiving units, the mutual distance of which 
may amount to 13 meter. The system, however, can be used as well 
for a essentially horizontal directed connection for the con- 
trol of the movements of cranes, whereby the muttial distance be- 
tween the transmitting-receiving units may amount to for example 
135 meter. 
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CLAIMS 

1, An infra-red transmission system in which messages .in 
the form of pulse coded data signals are transmitted between 
transmitting-receiving units each being provided with at least 
one infra-red light emitting element and one infra-red light 
sensitive photo-element, the message, transmission being used 
for the control of carrier movements destined for the transport 
of goods along movements paths, in an area, for which purpose on 
each carrier such a transmitting-receiving unit and in said 
area at least one such a transmitting-receiving unit is instal- 
led, characteriaed in that each transmitting-receiving unit 
having the infra-red light elemitting element (s) and the infra- 
red light sensitive photo-element (s) is taken up in a house 
having such a formed, common outlet and inlet opening for the 
infra-red light, that a directed transmitting and receiving 
beam is obtained, that a plurality of transmitting-receiving 
units is mounted on fixed locations along the movement paths 
and said one transmitting-receiving unit is mounted on each 
carrier all havdlng such ah alignment of the transmitting-recei- 
ving beams that when a carrier passes said locations the rele- 
vant transmitting-receiving beams sweep across , each other during 
which the message transmission takes place, whereby in each car- 
rier being freely controllable in direction and speed, a data 
input- and display unit, connected to the associated transmitting- 
receiving unit, is mounted in aid of the driver. 

2. An infra-red transmission system according to claim 1, 
characterized in that the plurality of fixedly mounted trans- 
mitting-receiving units is installed in the road surface of the 
movement paths, the associated transmitting-receiving beams being 
directed upwards, and that each carrier is provided with a hori- 
zontal support arm to which said one transmitting-receiving unit 
is fastened having its transmitting-receiving beam directed 
downwards. 

3. An infra-red transmission system according to one of 
the preceding claims, characterized in that the transmission 
speed of the message signals, the radius of the transmitting- 
receiving beam of the transmitting-receiving units, and the 
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speed of the carriers are matched such to each other that a 
complete message exchange between the transmitting-receiving 
unit of the carrier and the surface road hased transmitting-re- 
ceiving unit is guaranteed during a usual movement of the 
carrier. 

4. An infra-red transmission system according to claim 3i 
characterized in that the transmission speed, the radius of the 
transmitting-receiving beam, the speed of the carrier respective- 
ly amount to 100.000 bit/sec, 5-5 meter and I8-36 km/hour. 

5. An infra-red transmission system according to one of 
the preceding claims to be used in a storage and throughput area 
for the movement of containers and such goods by means of freely 
controllable transport carriers, the drivers of which receive, 
carry out and report movement instructions via the infra-red 
transmission system. 
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□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




